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BINARY CLUTCH DISENGAGEMENT
CONTROL IN A NEUTRAL SHIFT

TECHNICAL FIELD

The present disclosure relates to binary clutch disengage-
ment control in a neutral shift.

BACKGROUND

An automatic transmission includes a shift controller and
one or more gear sets. Rotatable input and output members of
the transmission are selectively coupled to establish a desired
speed ratio, with coupling achieved via hydraulic engage-
ment of one or more friction clutches. Some friction clutches
may connect an element of a gear set to a stationary member
and thereby operate as a braking clutch, while other friction
clutches connect one rotating member to another and thus act
as rotating clutches. The clutch apply state of a conventional
friction clutch ranges anywhere from fully-applied to fully-
released.

In some transmissions, a binary clutch assembly is used in
lieu of one of the friction clutches. A binary clutch assembly,
such as a dog clutch or a selectable one-way clutch having a
freewheeling element, relies on interference rather than fric-
tion material to hold torque. Binary clutch assemblies can be
used alone or in conjunction with friction clutches to attain
certain gear states, e.g., first gear. Unlike conventional fric-
tion clutches, a binary clutch assembly has just two possible
clutch states: fully-applied and fully-released. When fully
applied, the binary clutch assembly cannot rotate in either
rotational direction. When released, the binary clutch assem-
bly is able to rotate freely in either/both directions depending
on the design.

SUMMARY

A vehicle is disclosed herein. The vehicle includes an
engine and a transmission assembly, the latter of which may
include an input member, an output member, one or more gear
sets, and one or more friction clutches of the type described
above. The transmission assembly also includes a binary
clutch assembly and a shift controller. The controller, which
may be embodied as a computer device(s) having a processor
and memory as described herein, executes process instruc-
tions to ensure that a smooth disengagement of the binary
clutch assembly occurs, particularly during a garage shift to
neutral or any other event during which the binary clutch
assembly may still be loaded regardless of its actual release
state.

As used herein, the term “garage shift” refers to a com-
manded drive-to-neutral (D-to-N) or drive-to-reverse (D-to-
R) shift, which are two example shift maneuvers in which the
binary clutch assembly acts as an offgoing clutch and neutral
is the transmission state that is ultimately achieved. Use of the
binary clutch assembly in a transmission in lieu of a friction
clutch may help to reduce parasitic spin losses during the
garage shift or other shift maneuvers in which the binary
clutch assembly is disengaged to execute the shift, or in a
fixed gear state or range in which the binary clutch assembly
is disengaged. Reduced spin losses in turn increases overall
transmission efficiency and vehicle fuel economy, and there-
fore the present method and system are intended to contribute
to such efficiency gains.

However, underlying the present invention is the recogni-
tion made herein that when the engine is running and the
vehicle is stationary or slowly rolling, input torque to the
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transmission may still exert a small amount of reaction torque
on the binary clutch assembly. This reaction torque cannot be
fully removed simply by releasing the vehicle’s brakes or by
shutting off the engine. In order to disengage the binary clutch
assembly to achieve a neutral transmission state, the control-
ler described herein automatically decreases torque capacity
of one or more designated assisting clutches, i.e., one of the
friction clutches noted above. This allows the assisting clutch
to temporarily slip. The binary clutch assembly is then dis-
engaged only when the controller verifies that the binary
clutch assembly is no longer under load. Once the binary
clutch assembly is disengaged, pressure can be restored to the
assisting clutch(es) to complete the shift to neutral.

In a particular embodiment, the vehicle includes an engine,
a transmission, and a controller. The transmission includes a
friction clutch and a binary clutch assembly. The controller,
which is in communication with the transmission, includes a
processor and tangible, non-transitory memory on which is
recorded instructions for executing a requested shift of the
transmission to neutral. Execution of the instructions by the
processor causes the controller to detect the requested shift
while a set of predetermined conditions are satisfied, e.g.,
when the engine is running, the vehicle is stationary or rolling
at a slow rate of speed, the brakes are applied, etc. The
controller also automatically decreases a pressure command
to the friction clutch to a calibrated pressure such that torque
capacity of the friction clutch decreases from a full torque
capacity and begins to slip, and also determines whether the
binary clutch assembly is loaded/applied. The controller dis-
engages the binary clutch assembly only when the friction
clutch is slipping and the binary clutch assembly is not
loaded, and increases the pressure command to the friction
clutch to restore the full torque capacity of the friction clutch
and complete the requested shift to neutral.

An assembly is also disclosed having the transmission and
controller noted above.

A method of shifting a transmission in a vehicle having an
engine, a friction clutch, and a binary clutch assembly
includes detecting the requested shift of the transmission to
neutral, including determining if a speed of the vehicle below
a low calibrated threshold and the engine is running. The
method also includes determining whether a set of conditions
is satisfied, and only when the set of conditions is satisfied
during the requested shift, automatically decreasing a pres-
sure command to the friction clutch such that torque capacity
of'the friction clutch decreases from a full torque capacity and
begins to slip. When these conditions are present, the method
also includes holding the binary clutch assembly at a cali-
brated pressure while the friction clutch slips, disengaging the
binary clutch assembly only when the binary clutch assembly
is released and not loaded, and increasing the pressure com-
mand to the friction clutch to thereby restore the full torque
capacity of the friction clutch and complete the requested
shift to neutral.

The above features and the advantages of the present dis-
closure are readily apparent from the following detailed
description of the best modes for carrying out the invention
when taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic lever diagram illustration of an
example vehicle having an automatic transmission with a
binary clutch assembly and a controller which controls a shift
to neutral as set forth herein.

FIG. 2 is a table describing the clutches used in the vehicle
of FIG. 1 during an example garage shift to neutral.
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FIG. 3 is a time plot of vehicle parameters controlled in the
execution of the present method, with time depicted on the
horizontal axis and amplitude depicted on the vertical axis.

FIG. 4 is a flow chart describing an example method of
controlling the transmission of F1G. 1 during a garage shift to
neutral.

DETAILED DESCRIPTION

Referring to the drawings, wherein like reference numbers
reference to similar components in the various Figures, an
example vehicle 10 is shown schematically in FIG. 1. The
vehicle 10 includes an internal combustion engine (E) 12, an
automatic transmission 14 having a binary clutch assembly
(BC), and a controller (C) 50, with the transmission 14 and
controller 50 together forming a transmission assembly for
the vehicle 10 as explained herein. The controller 50 is pro-
grammed in software and equipped in hardware to control
operations of the transmission 14, including execution of a
garage shift of the transmission 14 to neutral (N) from or drive
(D) from a standstill or from a slow rolling state, i.e., a low
non-zero threshold speed such as 3-5 KPH. While such a shift
maneuver is typically executed while backing the vehicle 10
into or out of a garage, any rolling forward or reverse shift that
includes a final or intermediate step of achieving neutral
during which the binary clutch assembly (BC) must be dis-
engaged may be similarly controlled using the presently dis-
closed approach.

The controller 50 of FIG. 1 automatically executes instruc-
tions embodying a method 100, an example of which is shown
in FIG. 4 and described below with additional reference to
FIG. 3. Specifically, the controller 50 executes the method
100 to precisely time an application of the binary clutch
assembly (BC) via clutch control signals (arrow 11), and to
thereby minimize the effect of forces acting on the binary
clutch assembly (BC) during the shift. The intended result is
an improvement of shift quality and feel, i.e., by reducing
output torque disturbances or noise during a range change,
particularly during a garage shift of the type described above.
Relative to conventional control methods, execution of the
present method 100 may help reduce the level of noise, vibra-
tion, and harshness in the vehicle 10 during execution of a
garage shift.

The engine 12 of the example vehicle 10 shown in FIG. 1
may be coupled to the transmission 14 via a hydrodynamic
torque converter (TC) having a pump (P), a stator (S), and a
turbine (T), or via another torque transfer mechanism such as
an input clutch. A turbine speed sensor (S;) may be used to
measure turbine speed (arrow N ;) and communicate the mea-
sured turbine speed (arrow N ) to the controller 50, or such a
speed may be determined via calculation or modeling as is
well known in the art. An input member 13 of the transmission
14 receives input torque (arrow T ;) from the engine 12 via the
turbine (T). The transmission 14 ultimately delivers output
torque (arrow T ) via an output member 15 of the transmis-
sion 14 to some or all of the drive wheels (not shown) of the
vehicle 10.

Structurally, the controller 50 may include at least one
processor 52 along with tangible, non-transitory memory 54,
e.g., read-only memory (ROM), flash memory, optical
memory, additional magnetic memory, etc. The controller 50
may also include random access memory (RAM), electrically
programmable read only memory (EPROM), a high-speed
clock, analog-to-digital (A/D) and/or digital-to-analog (D/A)
circuitry, and any input/output circuitry or devices, as well as
any appropriate signal conditioning and buffer circuitry.
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Instructions for executing the method 100 are recorded in the
memory 54 and executed via the processor(s) 52.

As part of the present method 100, the controller 50 shown
in FIG. 1 may receive a throttle signal (arrow Th %), turbine
speed (arrow N ), and a braking signal (arrow By), e.g., from
a pedal position or force sensor (Sz) connected to a brake
pedal (B). The controller 50 is also in communication with a
Park, Reverse, Neutral, Drive, and Low (PRNDL) valve 25.
The controller 50 receives a PRNDL setting describing the
position of the PRNDL valve 25 and selectively transmits the
clutch control signals (arrow 11) to the transmission 14 to
cause engagement or release of the binary clutch assembly
(BC) as needed, as well as of some or all of the oncoming,
offgoing, assisting, or holding clutches needed for complet-
ing the shift maneuver as described below with reference to
FIGS. 2-4. The binary clutch assembly (BC) may include an
optional binary clutch position sensor (Sgzg) which measures
and transmits a position signal (arrow BCy) to the controller
50 as part of the method 100.

In addition to the clutch control signals (arrow 11), the
controller 50 may also selectively transmit an engine speed
request (arrow N ) to the engine 12, e.g, to help unload the
binary clutch assembly (BC) such as when rolling down an
incline or during other shifts not described herein. In a pos-
sible embodiment, the controller 50 may include multiple
control modules, such as a dedicated engine control module
(ECM) and a transmission control module (TCM)(not
shown), with the ECM controlling the speed and other opera-
tions of the engine 12 and the TCM controlling the function-
ality of the transmission 14. However, for illustrated simplic-
ity the controller 50 is shown in FIG. 1 as a single element,
e.g., as a powertrain control module (PCM).

The transmission 14 of FIG. 1 is shown in schematic lever
diagram format. At least one node of the transmission 14 is
connected to the binary clutch assembly (BC), e.g., a dog
clutch, a selectable one-way clutch, or any other device hav-
ing only the two binary torque capacity states of fully-ap-
plied/engaged and fully-released as explained above. In the
example configuration of FIG. 1, the transmission 14 may
include first, second, and third gear sets 20, 30, and 40,
respectively. The first gear set 20 may include respective first,
second, and third nodes 21, 22, and 23. The second and third
gear sets 30 and 40 may likewise have respective first, second,
and third nodes. For the second gear set 30, the first, second,
and third nodes are shown as nodes 31, 32, and 33, respec-
tively. The third gear set 40 includes respective first, second,
and third nodes 41, 42, and 43.

With respect to the first gear set 20, the first node 21 is
selectively connected to a stationary member 45 of the trans-
mission 14 via application of the binary clutch assembly
(BC). In FIG. 1, the binary clutch assembly (BC) is shown
schematically as a simple on/off switch to illustrate the two
possible binary states. The second node 22 is continuously
connected to the output member 15, and also to the first node
41 of the third gear set 40 via an interconnecting member 18.
The second node 32 of the second gear set 30 is continuously
connected to the third node 23 of the first gear set 20 via
another interconnecting member 28.

As used herein for all friction clutches of the transmission
14, the letter “C” refers to a rotating clutch, “B” refers to a
braking clutch, and the various numerals refer to the particu-
lar drive modes. For instance, “R” represents reverse, “1”
corresponds to 1° gear, “2” represents 2"“ gear, etc., all the
way up to 6™ gear in the non-limiting 6-speed example of
FIG. 1.

In the second gear set 30, the first node 31 is connected to
the second node 42 of the third gear set 40 via another inter-
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connecting member 27. The interconnecting member 27 is
selectively connected or grounded to the stationary member
45 to brake the rotation of nodes 31 and 42, via engagement of
clutch CBLR, wherein “L” refers to 1°* gear low. Likewise,
the engagement of clutch CB26 connects node 43 of the third
gear set 40 to the stationary member 45. The input member 13
is continuously connected to the third node 33 of the second
gear set 30 via an interconnecting member 26, and is selec-
tively connected to the third node 43 of the third gear set 40
via engagement of clutch C35R. Additionally, the input mem-
ber 13 is selectively connected to the second node 42 of the
third gear set 40 via engagement of clutch C456. While the
example transmission 14 of FIG. 1 is shown in just one
possible embodiment, any alternative embodiment of the
transmission 14 should include a binary clutch assembly
(BC) that is controlled in the targeted shift maneuver, i.e., a
garage shift to neutral. In other words, a shift is executed to
neutral, with neutral being the final state achieved via the
method 100.

Referring to FIG. 2, possible shift maneuvers of the trans-
mission 14 of FIG. 1 in the execution of the method 100
described below include a drive-to-neutral (D-N) shift and a
drive-to-reverse (D-R) shift. As is well known in the art, a
clutch-to-clutch shift from one gear state to another involves
the offloading of clutch torque from one or more clutches to at
least one other clutch. The particular clutches oftfloading
torque are referred to as offgoing clutches, while the clutches
receiving offloaded torque are referred to as oncoming
clutches. In the present invention, the clutch CBLR of FIG. 1
never fully unloads during a D-N or D-R shift. This clutch is
therefore referred to herein as an assisting (AST) clutch rather
than an offgoing clutch.

When shifting out of drive (D) into neutral, i.e., the D-N
shift, the binary clutch assembly (BC) of FIG. 1 acts as the
offgoing clutch (OFG) and the clutch CBLR acts as the assist-
ing clutch (AST). As noted above, while clutch torque capac-
ity to the assisting clutch changes during the shift to neutral,
with D-R being a special case of shift to reverse through the
intermediate state of neutral, the assisting clutch remains at
least partially engaged through the shift. As there is no
oncoming clutch in a shift to neutral, none of the clutches of
the transmission 14 are designated as oncoming clutches in a
D-N shift. For the example transmission 14 of FIG. 1,
clutches C456 and CB26 are not involved in the D-N or D-R
shifts, as indicated in FIG. 2 by the dash (-) symbol. Clutch
C35R is not involved in the shift to neutral (D-N shift), but is
involved in the shift from neutral to reverse, and thus is shown
as an oncoming clutch (ONC) in the D-R shift.

The designated function of the various clutches shown in
FIGS. 1 and 2 during execution of the method 100 will now be
described with respect to FIGS. 3 and 4 Referring first to FIG.
3, a set of traces 60 describes the control of various vehicle
parameters by the controller 50 of FIG. 1 in the execution of
method 100, specifically in the D-N phase of an example
garage shift to neutral. Time (t) is plotted on the horizontal
axis. Amplitude (A) is plotted on the vertical axis.

Trace 62 represents the state of the binary clutch assembly
(BC) of FIG. 1. Trace 64 represents the offgoing clutch pres-
sure (P,rs) to the binary clutch assembly (BC) as com-
manded by the controller 50 via the clutch control signals
(arrow 11). In the D-N shift, once again, the binary clutch
assembly (BC) acts as the offgoing clutch, and thus trace 64
illustrates the changing pressure command to the binary
clutch assembly (BC). Trace 66 (P s) shown as a dashed line
represents the commanded clutch pressure command to the
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6
designated assisting clutch, in this instance clutch CBLR of
FIG. 1. The rotational speed of the turbine (T) of FIG. 1 is
represented by trace N,.

The D-N shift controlled via the method 100 can be
described in terms of the actions which occur during each
time increment t,-t,, t,-t,, t,-t;, and t;-t,. When the vehicle 10
of FIG. 11s in 1st gear, the binary clutch assembly (BC) must
be released if a driver shifts into a range such as neutral (N),
reverse (R), or park (P). In this case, the method 100 of FIG.
4 is used to control the binary clutch assembly (BC) and the
holding clutches in a particular manner. Once in neutral (N),
another shift routine may be used to engage reverse (R). That
is, the method 100 terminates with the shift into neutral.

In general, the designated friction clutch required to hold
torque or assist in 1st gear is exhausted as part of method 100
to within a calibrated range of that clutch’s return spring
pressure. As is known in the art, return spring pressure is the
return pressure of a mechanical spring or other device used to
bias a clutch apply piston (not shown). Below this pressure, it
is assumed that the clutch has zero torque capacity. After
torque capacity has been substantially removed from the
holding clutch, i.e., either fully removed or decreased to a low
non-zero value such as within 5-10% of the return spring
pressure, the binary clutch assembly (BC) of FIG. 1 can be
safely disengaged when the transmission 14 is in a neutral (N)
state, and with only the assisting clutch CBLR applied. This
is because if the binary clutch assembly (BC) is simply dis-
engaged when the transmission 14 of FIG. 1 is still in 1st gear,
a sudden change in output torque may result.

FIG. 4 describes an example embodiment of the method
100, and begins with step 102, wherein a driver of the vehicle
10 of FIG. 1 requests (REQ) a shift from drive (D) to neutral
(N), e.g., via movement of a PRNDL lever, which in turn
causes a shift of the PRNDL valve 25. In an example drive-
to-neutral (D-N) shift, the binary clutch assembly (BC) of
FIG. 1 acts as the designated offgoing clutch (OFG) and
clutch CBLR acts as the designated assisting clutch (AST).

Up until t; of FIG. 3, the vehicle 10 of FIG. 1 is traveling in
first gear locked. That is, the transmission 14 is in 1st gear and
the binary clutch assembly (BC) is ina locked/engaged binary
state (B1) as indicated by trace 62. Trace 64 in this same
interval illustrates that the commanded apply pressure (P ,z¢)
of the binary clutch assembly (BC) is held at a calibrated
maximum (A;). The method 100 proceeds to step 104 at
about t; when a request is made or detected for the D-N shift.

At step 104 of FIG. 4, the controller 50 of FIG. 1 next
determines whether certain conditions exist (COND) which
warrant execution of steps 106 through 120. Example condi-
tions include determining whether vehicle speed is below a
low calibrated threshold indicating that the vehicle 10 of FIG.
1 is stopped or slowly rolling. Brake position (arrow By) as
shown in FIG. 1 may also be considered in some embodi-
ments to verify that the vehicle 10 is or is intended to be
slowed or stopped. Other conditions may include the engine
12 of FIG. 1 being in a running/engine-on state. The running
status of the engine 12 may be determined by various means,
including by key position, measured engine speed, measured
turbine speed (N ;) from sensor (S,) of FIG. 1, and/or accel-
eration, etc. The method 100 proceeds to step 105 if the
conditions of step 104 are not satisfied. Otherwise, the
method 100 proceeds to step 106.

At step 105, the controller 50 of FIG. 1, having determined
at step 104 that the vehicle 10 is not executing a garage shift,
executes the requested shift or other powertrain control
actions without executing steps 106 through 120. Step 105
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may include applying or releasing any of the friction clutches
of FIG. 1 as needed to affect the appropriate shift. The method
100 then returns to step 102.

Step 106 entails reducing the clutch pressure to the binary
clutch assembly (BC) to a calibrated pressure (CAL)att,,i.e.,
P—CAL. Here, the calibrated pressure is indicated on the
vertical axis by A, . The method 100 then proceeds to step 108.

At step 108, which resumes or commences at t; of FIG. 3
and continues until t,, the binary clutch assembly (BC) is held
(BC*) at the calibrated apply pressure (A;) from step 106
such that the binary clutch assembly (BC) remains fully
engaged, i.e., in binary state (B1) as shown via trace 62.

At the same time, the assisting clutch pressure (P, ;) indi-
cated by trace 66 is commanded by the controller 50 via
clutch control signals (arrow 11) to decrease toward zero,
either linearly at a calibrated rate as shown or nonlinearly,
with this pressure control continuing until t, when trace 66
reaches the lower target pressure of A,. As this occurs, the
method 100 proceeds to step 110.

Step 110 includes determining whether slip (S N;) on the
turbine speed (N ) is observed. As is known in the art, during
a shift to neutral (N) an increase in turbine speed (N,) is
typically observed, which in FIG. 3 occurs just before t,.
Therefore, as part of step 110 the controller 50 of FIG. 1 may
calculate an attained gear turbine speed (N ), which as
known in the art describes an estimated or calculated speed
that the turbine (T) of FIG. 1 would attain if the transmission
14 were still in drive (D), e.g., based on a measured speed to
the output member 15 of the transmission 14 and the gear
ratio.

Step 110 may include comparing the attained gear turbine
speed (N, ;) to the measured turbine speed (N,) from the
turbine speed sensor (S;) of FIG. 1. When a calibrated or
predetermined difference in these values is detected, the con-
troller 50 concludes that slip on the turbine speed (N,), i.e., S
N, is observed. As a result, the method 100 proceeds to step
112. Otherwise, the controller 50 repeats step 108 and 110 in
a loop until such slip is detected, thus indicating that turbine
speed (N) has begun to respond.

At step 112, which commences at t, and continues until t5,
pressure to the assisting clutch, e.g., clutch CBLR in the
example used herein, may be controlled to and thereafter held
at a calibrated pressure, e.g., a pressure value that is indexed
to acalibrated return spring (RS) pressure such as RS+5-10%,
or RS+5 Nm in another example embodiment. This is shown
by the step increase in trace 66 at t,.

Atthe same time, the offgoing clutch, i.e., the binary clutch
assembly (BC), disengages, as indicated by the change in
toque capacity or binary state from B1 (engaged/applied) to
B2 (disengaged/released). In actuality, as will be appreciated
by one of ordinary skill in the art, an axial position of any
engaging portion (not shown) of the binary clutch assembly
(BC) changes in the duration between B1 and B2. This action
reduces the amount of noise and output torque change that is
present during the shift since the binary clutch assembly (BC)
is disengaged from a neutral state and not while the transmis-
sion 14 of FIG. 1 is in gear. The method 100 then proceeds to
step 114.

Step 114 includes verifying that the binary clutch assembly
(BC) of FIG. 1 has released, at which point the method 100
proceeds to step 116. Step 114 may entail measuring the
position of the binary clutch assembly (BC) to determine the
binary state, e.g., via the example position sensor (Sz.)
shown in FIG. 1. Steps 112 and 114 are repeated in a loop until
the binary clutch assembly (BC) is verified as released. The
method 100 then proceeds to step 116.
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At step 116, commencing at about t; of FIG. 3 and con-
tinuing until t,, the controller 50 increases the assisting clutch
pressure (trace 66) at a calibrated rate to restore torque capac-
ity to the assisting clutch CBLR, and to thus subsequently
re-engage clutch CBLR. The method 100 then proceeds to
step 118.

Step 118 entails determining whether the pressure com-
mand to clutch CBLR reaches a calibrated threshold at the
end of the ramp, as abbreviated “P=CAL?”, an event which
occurs at about t, of FIG. 3. Alternatively, the ramping of
pressure can end after a calibrated amount of time. The
method 100 proceeds to step 105 when this occurs, and the
shiftis complete, i.e., clutch pressure to the assisting clutch is
fully applied. Steps 116 and 118 are repeated in a loop until
the pressure command to clutch CBLR reaches the threshold.
In this manner, the method 100 as executed by the controller
50 of FIG. 1 allows the binary clutch assembly (BC) to dis-
engage smoothly during a garage shift to or through neutral.

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

The invention claimed is:

1. A vehicle comprising:

an engine;

a transmission having a friction clutch and a binary clutch

assembly; and

a controller in communication with the transmission,

wherein the controller includes a processor and tangible,
non-transitory memory on which is recorded instruc-
tions for executing a requested shift to neutral in which
the friction clutch acts as an assisting clutch, wherein
execution of the instructions by the processor causes the
controller to:
detect the requested shift of the transmission to neutral;
and
only when conditions are satisfied during the requested
shift, to:
automatically decrease pressure to the friction clutch
such that a torque capacity of the friction clutch
decreases from a full torque capacity and the fric-
tion clutch begins to slip;
hold the binary clutch assembly at a calibrated pres-
sure while the friction clutch slips;
disengage the binary clutch assembly only when the
binary clutch assembly is released and not loaded;
and
increase the pressure to the friction clutch to thereby
restore the full torque capacity to the friction clutch
and complete the requested shift to neutral.

2. The vehicle of claim 1, wherein the conditions include a
speed of the vehicle being below a low calibrated threshold
and the engine being in a running state.

3. The vehicle of claim 1, wherein the controller is config-
ured to linearly decrease or ramp the pressure to the assisting
clutch downward toward zero pressure.

4. The vehicle of claim 1, further comprising a torque
converter having a pump connected to the engine and a tur-
bine connected to the transmission, and a sensor that mea-
sures a speed of the turbine and transmits the measured tur-
bine speed to the controller, wherein the controller is further
configured to determine whether the binary clutch assembly
is not loaded by comparing the measured turbine speed to an
attained gear turbine speed.

5. The vehicle of claim 1, wherein the friction clutch has a
calibrated return spring pressure, and wherein the controller
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automatically decreases the pressure to the friction clutch to a
level that is within a predetermined range of the calibrated
return spring pressure.

6. The vehicle of claim 1, further comprising a position
sensor positioned with respect to the binary clutch assembly
and configured to measure a position of the binary clutch
assembly, wherein the controller receives the measured posi-
tion and determines whether the binary clutch is released via
the received measured position.

7. The vehicle of claim 1, wherein the transmission
includes a gear set and a stationary member, and wherein the
binary clutch assembly selectively connects a node of the gear
set to the stationary member.

8. The vehicle of claim 1, wherein the transmission
includes a stationary member, a first gear set, a second gear
set, a third gear set, and an interconnecting member which
continuously connects the second gear set to the third gear set,
and wherein the binary clutch assembly selectively connects
the first gear set to the stationary member and the friction
clutch selectively connects the interconnecting member to the
stationary member.

9. The vehicle of claim 8, further comprising a torque
converter having a pump connected to the engine and a tur-
bine continuously connected to the second gear set and selec-
tively connectable to the third gear set via at least one addi-
tional friction clutch, wherein the friction clutch and the at
least one additional friction clutch are both connected to the
same node of the third gear set.

10. An assembly comprising:

a transmission having a friction clutch and a binary clutch

assembly; and

a controller in communication with the transmission,

wherein the controller includes a processor and tangible,
non-transitory memory on which is recorded instruc-
tions for executing a requested shift to neutral, wherein
execution of the instructions by the processor causes the
controller to:
detect the requested shift of the transmission to neutral;
and
only when conditions are satisfied during the requested
shift, to:
automatically decrease pressure to the friction clutch
such that torque capacity of the friction clutch
decreases from a full torque capacity and begins to
slip;
hold the binary clutch assembly at a calibrated pres-
sure while the friction clutch slips;
disengage the binary clutch assembly only when the
binary clutch assembly is released and not loaded;
and
increase the pressure to the friction clutch to thereby
restore the full torque capacity to the friction clutch
and complete the requested shift to neutral.

11. The assembly of claim 10, wherein the set of conditions
includes a speed of the vehicle below a low calibrated thresh-
old and the engine being in a running state.

12. The assembly of claim 10, wherein the controller is
configured to linearly decrease the pressure to the friction
clutch toward zero pressure.

13. The assembly of claim 10, further comprising a torque
converter having a pump connected to the engine and a tur-
bine connected to the transmission, and a sensor that mea-
sures a rotational speed of the turbine and transmits the mea-
sured speed to the controller, wherein the controller is further
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configured to determine whether the binary clutch assembly
is not loaded by comparing the measured turbine speed to an
attained gear turbine speed.
14. The assembly of claim 10, wherein the friction clutch
has a calibrated return spring pressure, and whether the con-
troller automatically decreases the pressure to the friction
clutch to a level that is within a predetermined range of the
calibrated return spring pressure.
15. The assembly of claim 10, further comprising a posi-
tion sensor positioned with respect to the binary clutch
assembly and configured to measure a position of the binary
clutch assembly, wherein the controller receives the mea-
sured position and determines whether the binary clutch is
released via the received measured position.
16. The assembly of claim 10, wherein the transmission
includes a gear set and a stationary member, and wherein the
binary clutch assembly selectively connects a node of the gear
set to the stationary member.
17. The assembly of claim 10, wherein the transmission
includes a stationary member, a first gear set, a second gear
set, a third gear set, and an interconnecting member which
continuously connects the second gear set to the third gear set,
and wherein the binary clutch assembly selectively connects
the first gear set to the stationary member and the friction
clutch selectively connects the interconnecting member to the
stationary member.
18. A method of shifting a transmission in a vehicle having
an engine, a friction clutch, and a binary clutch assembly, the
method comprising:
detecting the requested shift of the transmission to neutral,
including determining if a speed of the vehicle is below
a low calibrated threshold and the engine is running;

determining whether predetermined conditions are satis-
fied; and

only when the predetermined conditions are satisfied dur-

ing the requested shift:

automatically decreasing pressure to the friction clutch
such that a torque capacity of the friction clutch
decreases from a full torque capacity and the friction
clutch begins to slip;

holding the binary clutch assembly at a calibrated pres-
sure while the friction clutch slips;

disengaging the binary clutch assembly only when the
binary clutch assembly is released and not loaded; and

increasing the pressure to the friction clutch to thereby
restore the full torque capacity to the friction clutch
and complete the requested shift to neutral.

19. The method of claim 18, wherein the vehicle includes a
turbine, the method further comprising:

measuring a speed of the turbine via a speed sensor;

transmitting the measured turbine speed to the controller;

and

determining, via the controller, whether the binary clutch

assembly is not loaded by comparing the measured tur-
bine speed to an attained gear turbine speed.

20. The method of claim 18, wherein the vehicle includes a
position sensor positioned with respect to the binary clutch
assembly, the method further comprising:

measuring a position of the binary clutch assembly via the

position sensor;

transmitting the measured position to the controller;

receiving, via the controller, the measured position of the

binary clutch assembly; and

determining whether the binary clutch is released via the

received measured position.
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